Background Risk of high-grade dysplasia and invasive carcinoma in intraductal papillary mucinous neoplasms (IPMN) of the pancreas is increased in main duct compared to branch duct lesions. We hypothesized that isolated uncinate duct dilation may also be a radiographic indicator of high-risk disease, as the primary drainage of this portion of the gland originates from a distinct embryologic precursor. Methods All patients with available preoperative imaging who underwent resection for IPMN between 1994 and 2010 were included (n=184). Imaging studies were reviewed by an experienced radiologist who was blinded to the pathologic results, and studies were categorized as main duct, branch duct, or combined-duct. The presence of uncinate duct dilation was assessed as a risk factor for tumors which proved to have high-grade dysplasia (HGD) or invasive carcinoma (IC) on pathologic assessment. Results IPMN with HGD or IC were identified in 82 of 184 cases (45 %). Without considering uncinate duct dilation, IPMN with HGD or IC were present in 84 % of patients with main duct IPMN (n=31/37), 58 % with combined-duct IPMN (n=23/40), and 26 % with branch \duct IPMN (n=28/107). Dilation of the uncinate duct was observed in 47 patients, with or without main duct dilation, and 30 of these (64 %) contained HGD or IC on pathology. Isolated uncinate duct dilation without main duct dilation was observed in 17 patients, and 11 (65 %) had HGD. On multivariate analysis of IPMN without associated main duct dilation, uncinate duct dilation was independently associated with IPMN with HGD or IC (p=0.002). Conclusion Uncinate duct dilation on preoperative radiologic imaging appears to be an additional risk factor for IPMNassociated high-grade dysplasia or adenocarcinoma.
Introduction
Intraductal mucinous papillary neoplasms (IPMN) are mucinous cystic tumors of the pancreas with the ability to progress to invasive cancer. IPMN comprise a spectrum of precursor lesions ranging from low-grade dysplasia to moderate-grade dysplasia to high-grade dysplasia (carcinoma in-situ) to invasive carcinoma. These lesions originate from the cells of the pancreatic ductal system and involve the main pancreatic duct or ductal side branches. IPMN are being discovered with increasing frequency, and management remains controversial.
Several radiographic and clinical features are associated with high-risk IPMN (high-grade dysplasia or invasive disease). When these features are present, resection is generally indicated. These features include the presence of symptoms, the identification of carcinoma on cytologic analysis of cyst contents, or any of the following imaging findings: main duct dilation >6 mm, cyst size ≥3 cm, and solid component or mural nodularity. 1 Patients with branch duct IPMN with none of the above indications for resection are typically followed with surveillance cross-sectional imaging, and resection is offered if concerning radiographic features arise.
Embryologically, the pancreas forms from rotation of the ventral and dorsal buds. The ventral bud forms the posterior and inferior portion of the head and the uncinate process. The dorsal bud forms the anterior head, body, and tail. The fusion of the ventral duct with the distal dorsal duct forms the main pancreatic duct, and the accessory duct persists from the proximal dorsal bud. 2 Recent studies have confirmed the persistence of one or two dominant ducts within the uncinate process, reportedly developing from components of both the dorsal and ventral buds. 3, 4 Some patients with IPMN present with dilation of the primary drainage of the uncinate process. It is unknown whether development of IPMN within these structures may behave in a similar fashion as main duct IPMN. In addition to the known predictors of IPMN malignancy, we hypothesized that dilation of the uncinate duct is a radiographic indicator of high-risk disease, IPMN associated with high-grade dysplasia (HGD) or invasive carcinoma (IC). In the present study, we performed a retrospective review to define the radiographic features associated with IPMN with HGD or IC, and in specific, the association of the involvement of the uncinate drainage.
Materials and Methods
Review of our prospectively maintained pancreatic surgery database identified 184 patients who had available preoperative imaging and who underwent resection for IPMN between June 1994 and March 2010. Operative specimens were identified pathologically as IPMN, if they met the following criteria: grossly identifiable cystic structures measuring at least 1 cm in greatest diameter, connection to the remainder of the ductal system, and lined by flat, papillary mucinous, or oncocytic epithelium exhibiting varying degrees of cytoarchitectural atypia. Tumors were classified using the World Health Organization classification as either IPMN with low-grade dysplasia, IPMN with moderate-grade dysplasia, IPMN with high-grade dysplasia, or IPMN-associated adenocarcinoma. 5 Imaging studies were reviewed by an experienced hepatopancreatobiliary radiologist (RD) blinded to the pathologic diagnosis. The following radiographic features were recorded on available computed tomography (CT) or magnetic resonance imaging (MRI) examinations on a Picture Archiving and Communication System (PACS): size, presence of mural nodularity or mass, and dilation of the main duct, branch ducts, and/or uncinate duct. The size of the largest cystic lesion, when present, was measured in millimeters by electronic calipers on a PACS workstation. IPMN were classified based on imaging characteristics as main duct, branch duct or combined-duct. Main duct IPMN had dilation of the main pancreatic duct >6 mm, branch duct IPMN had cystic dilation of branch ducts, and combined-duct IPMN had both main and branch duct dilation. For purposes of classification, the uncinate duct was considered a branch duct. The classification of uncinate disease was separated into two categories, and when main duct dilation was absent, both categories were defined as branch duct for the initial analysis. Uncinate duct dilatation was defined as a dilated tubular structure of fluid density (on CT) or signal intensity (on (MRI)) measuring ≥4 mm, extending to the papilla (Fig. 1a) . Alternatively, an uncinate process cystic lesion was identified when no communication to the major papilla was present (Fig. 1b) .
The association between radiologic findings and pathology was assessed using t-test for continuous variables and χ 2 analysis for categorical variables. We used multivariable logistic regression analyses to assess the independent association of radiologic findings with IPMN with HGD or IC on surgical pathology. p values<0.05 were considered statistically significant. 
Results
A total of 213 patients underwent surgical resection of IPMN during the study period. Imaging was available for review in 184 of these patients, and these patients comprise the study population. Patient and tumor characteristics are shown in Table 1 .
IPMN with HGD or IC were identified in 82 of 184 cases (45 %). Table 2 shows the characteristics of pathologic highrisk (HGD or IC) and low-risk lesions (moderate-grade and low-grade dysplasia). Using the standard classification without regard to uncinate duct dilation, IPMN with HGD or IC were present in 84 % of patients with main duct IPMN (n=31/37), 58 % with combined-duct IPMN (n=23/40), and 26 % with branch duct IPMN (n=28/107). When compared to branch duct IPMN, IPMN with main duct dilation (including both main duct and combined-duct IPMN) were more likely to harbor high-risk lesions (26 % vs. 70 %, respectively: p<0.0001). Size ≥3.0 cm and the radiographic evidence of mural nodularity or solid component were associated with IPMN with HGD or IC, while the presence of symptoms was not.
Uncinate process cystic lesions were seen in 50 patients, and dilation of the uncinate duct was observed in 47 patients. As seen in Table 2 , uncinate process cystic lesion was not associated with IPMN with HGD or IC. However, uncinate duct dilation was associated with pathologic IPMN with HGD or IC, which were identified in 30 of the 47 patients (64 %) with a dilated uncinate duct. Isolated uncinate duct dilation without main duct dilation was seen in 17 patients. The indication for surgery in these patients was size ≥3 cm in 14 patients, 2 of whom also had solid component. Three patients with lesions <3 cm with no solid component underwent surgery due to symptoms of abdominal and/or back pain. Eleven (65 %) of these 17 patients with isolated uncinate duct dilation without main duct dilation had HGD, while 6 had moderate-grade dysplasia. A solid component was present in 2 of the 11 patients (18 %) with IPMN with HGD or IC, and in none of the six patients with low-risk disease (p=0.5417). Lesion diameter ≥3 cm was present in 9 of the 11 patients (82 %) with IPMN with HGD or IC and 5 of the 6 patients (83 %) with low-risk disease (p=1). Symptoms were present in 10 of the 11 patients (91 %) with IPMN with HGD or IC and 3 of the 6 patients (50 %) with low-risk disease (p=0.0987). Of the three patients with isolated uncinate duct dilation and no other radiologic risk factors, two patients had HGD. IPMN with HGD or IC were present in 65 % of patients with a dilated uncinate duct and normal caliber main duct compared to 18 % of patients with branch duct dilation and normal caliber main and uncinate ducts (p=0.0002).
In order to examine factors associated with IPMN with HGD or IC in branch duct IPMN, a multivariate logistic regression analysis was performed. Only patients without main duct dilation were included in this analysis (n=107). Three factors were used in the model: any solid component, size ≥3.0 cm, and uncinate duct dilation. The results of this analysis are demonstrated in Table 3 . Uncinate duct dilation was independently associated with IPMN with HGD or IC (p=0.002).
Discussion
In the current study, preoperative imaging findings were correlated to postresection pathology in patients with IPMN. In addition to the commonly cited risk factors for high-risk tumors, such as size, main duct dilation, and solid component, uncinate duct dilation on preoperative imaging was also found to be associated with high-risk disease. [6] [7] [8] [9] [10] [11] This is the first report examining uncinate duct dilation as a potential risk factor for high-risk IPMN.
The anatomy of uncinate ductal drainage is variable. Embryologically, the pancreas forms from the foregut. The Main duct -n (%) 37 (20 %) Combined-duct -n (%) 40 (22 %) Branch duct -n (%) 107 (58 %) Dilation of uncinate duct -n (%) 47 (26 %) Uncinate process cystic lesion -n (%) 50 (27 %) ventral and dorsal pancreatic buds rotate and fuse to form the fully developed pancreas. Classically, the proximal portion of the main pancreas duct and the uncinate ductal branches were thought to arise from the ventral pancreatic bud. 12 More recently, there has been evidence that remnants of both the ventral and dorsal pancreatic buds comprise the uncinate process. In one series of 15 cadaveric specimens, double drainage of the uncinate into both the main and accessory ducts was noted in all specimens. 4 A similar study of 17 specimens showed more variation with single drainage to the main duct in 59 %, single drainage to the accessory duct in 18 %, and double drainage in 24 %. 3 The accessory duct receives a branch which runs obliquely to drain the anteroinferior uncinate process, and the main duct receives a shorter branch draining the posterior aspect of the uncinate process (Fig. 2) . 4 Regardless of the exact anatomical footprint, these studies demonstrate that the uncinate process has a dominant ductal system that may be embryologically similar to the drainage of the body and tail of the pancreas. These ducts may be analogous to the main pancreatic duct.
Many investigators have sought to determine predictors of invasive IPMN. Factors associated with invasive disease include symptoms, mural nodules or solid component, size, biliary dilation, and elevated serum CA19-9.
10,11,13,14 Preoperative cyst fluid cytology is inaccurate in determining invasive lesions. 15, 16 The prevalence of invasive IPMN with main duct dilation ranges from 57 to 92 %. 1, 6, 8, 11, [17] [18] [19] [20] [21] [22] Invasive IPMN is found in 6 % to 46 % of patients who undergo resection for branch duct disease. 1, 8, 11, [17] [18] [19] [20] [21] [22] This is the first study to examine the risk of malignancy in resected IPMN with uncinate duct dilation. The majority of patients with uncinate duct dilation also had associated main duct dilation, Fig. 2 The uncinate duct runs obliquely draining the anteroinferior part of the uncinate process (black arrowheads). The uncinate process is also drained in part by small branches to the main pancreatic duct (white arrowheads). Asterisk, junction of main and accessory pancreatic ducts; CBD, common bile duct; L, lesser duodenal papilla; Va, ampulla of Vater; DU, duodenum. Reprinted with permission from which would predict a high rate of malignancy. In those patients with uncinate duct dilation in the absence of main duct dilation, the rate of IPMN with HGD or IC was 65 %, a risk level more similar to main duct IPMN than to branch duct IPMN.
Resection is recommended for patients with IPMN at high risk for malignancy, as the risks of the lesion progressing to malignancy are felt to outweigh the risks of resection. Radiologic characteristics of the lesion often guide patient selection for resection. Observation with radiologic follow-up is generally recommended in asymptomatic patients with branch duct IPMN measuring <3 cm without a solid component since the rate of malignancy is thought to be less than 3 %. 9, [23] [24] [25] [26] [27] [28] At the authors' institution, patients not meeting these criteria should be offered resection if they are appropriate surgical candidates. These patients are offered resection, but other factors may influence the decision to operate, such as family history of pancreatic cancer, age, and patient preference. This report suggests that uncinate duct dilation may be a factor to assist in selecting patients for resection.
There are some potential explanations for the high risk of malignancy in IPMN associated with uncinate duct dilation. Higher risk may be due to the embryologic formation of the main duct and uncinate duct from the ventral bud conferring a risk more closely resembling main duct IPMN. It is also plausible that some of the patients with uncinate duct dilation had pancreas divisum and the duct of Wirsung was visualized as the uncinate duct. However, it is difficult to reliably assess pancreas divisum on cross-sectional imaging. It is also possible that we have overestimated the risk associated with uncinate duct dilation since all of the patients in this series were at high risk by virtue of being selected for resection.
Additional limitations to this study include the retrospective nature, and the fact that the imaging performed was not uniform among all patients with some studies, such as a dedicated pancreatic protocol CT scan, providing thinner slices through the pancreas. Furthermore, the studies were reviewed by a single experienced radiologist, but he was blinded to the pathologic diagnosis. Therefore, it would be presumed that the quality of imaging would be balanced between those with uncinate duct dilation and those without.Despite these limitations, this is the first study to show that dilation of the uncinate duct is associated with IPMN with HGD or IC. Additional studies are necessary to confirm the validity of our findings.
Conclusion
Uncinate duct dilation on preoperative radiologic imaging appears to be an additional risk factor for IPMN-associated high-grade dysplasia or adenocarcinoma.
